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A comparison of the
proximal and distal parts of
the vastus medialis muscle
The vastus medialis muscle has two distinct
parts with different fibre orientations and
specific functions: the vastus medialis longus
(VML) and the vastus medialis oblique/obliquus
(VMO). A fascial plane dividing the two parts,
and separate nerve branches supplying each
muscle part have been reported. This study was
designed to verify this. In 50 cadavers, the
angular orientations ofthe VML and VMO fibres
with the femoral axis were measured and found
to be significantly different (t(49)= 36.35;
P<0.001). The VMLand VMO were both shown
to be innervated by femoral nerve branches. A
fascial plane between the VML and VMO was
demonstrated in one specimen only. In
conclusion, the VML and VMO make up the
vastus medialis muscle, asingle muscle.
[Nozic MM, Mitchell J and de Klerk 0: A
comparison of the proximal and d;stal parts of
the vastus medialis muscle. Australian Journal
ofPhysiotherapy 43: 277-281]
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nowledge of the functional
anatomy of the quadriceps
femoris mechanism is relevant to
the understanding of many commonly
occurring musculoskeletal disorders of
the knee joint. The precise action of
the vastus medialis muscle and, rnore
specifically, the oblique part of the
muscle, is an important aspect of the
mechanics of the patellofemoral joint,
which is implicated in cases of anterior
knee pain, such as chondromalacia
patellae, for example. This knowledge
is ofvalue in the diagnosis and
treatment of such musculoskeletal
disorders by physiotherapists and other
sports scientists.
The quadriceps femoris muscle has
an extensive attachment to the femur,
winding obliquely around it to attach
to the patella, and via tendinous
expansions (retinacula) to the tibia
(Lumley 1990, MacKinnon and Morris
1986, Moore 1984, Palastanga et al
1989, Williams et alI989).
Accordingly, its function is extension
of the lower limb at the knee joint
(commonly referred to as knee
extension). Traditionally, it has been
accepted that the vastus medialis.
muscle, "the 'key to the knee'" (Smillie
1970, p. 3), is responsible for the final
15 degrees of knee extension
(Palastanga et a11989, Smillie 1970,
Speakman and Weisberg 1977). This
view is known as the selective action
theory. Francis and Scott (1974)
supported this theory. However,
Brewerton (1955) opposed this view
and Pocock (1963) failed to find
scientific evidence in his EMG studies
of the quadriceps femoris muscle to
support this theory. Lieb and Perry
(1968) further discredited this view.
It is generally accepted now that the
vastus medialis muscle, together with
the other quadriceps muscles, acts
throughout the range of knee
extension, with or without resistance.
Lieb and Perry (1968) showed in their
study of the extensor power exerted by
the different quadriceps rnuscles that,
although the vastus interrnedius muscle
is " the rnost efficient extensor"
(p. 1543) when acting alone, "Full knee
extension and terminal rotation [are]
attained only when the primary
extensor [is] the vastus lateralis"
[muscle] (p. 1544). Furthermore, the
vastus medialis obliquus muscle failed
"to produce the last 15 degrees of
extension [which] contrasted sharply
with the ease with which full extension
was attained when the total extension
load was on any of the long heads,
either individually or in the many
combinations [of the muscles] tested."
(p. 1544). Thus, the final degrees of
knee extension, occurring with rotation
of tibia on femur, synonymous with the
locking or screwing horne mechanism,
are more likely a result of ligamentous
and articular alignment (Lieb and
Perry 1968, Smillie 1970, Williams et
al 1989) rather than of specific
muscular action. It has also been
reported that the vastus medialis
muscle does act to counteract the
lateral pull on the patella by the vastus
lateralis muscle, particularly during the
last degrees of knee extension
(MacKinnon and Morris 1986,
Williams et al 1989), thereby
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Table 1. Reported orientation of proximal (VML) and distal (VMO) fibres of the
vastus medialis muscle
Key; VML = proximal fibres of the vastus medialis muscle / vastus medialis longus
VMO =distal fibres of the vastus medialis muscle / vastus medialis obliquus
"Ld2 = sum of the differences between consecutive measurements squared
SD = standard deviation
Sme" =standard error of measurement
S
meas
18 0.87
20 0.91
Sagittal plane
Femoral shaft
Axis
Femoral shaft
Rectus femoris
tendon
65
50-55
46-52
50-55
55-70
10.75 (1.22)
55.42 (3.12)
15-18
15-18
15-18
(Lumley 1990, MacKinnon and Morris
1986, Moore 1984, Williams et al
1989). Weinstabl et al (1989) further
described the branch of the femoral
nerve supplying the muscle as lying in
the plane of separation of the muscle
parts.
The aim of this study was firstly to
document a method to measure the
angular orientation of the fibres of the
vastus medialis muscle and, using this
method, to verify that there is a
significant difference in the alignment
of the fibres of the proximal and distal
parts of the muscle. Secondly, the
study was designed to establish
whether a fascial plane divides the
VMO and the VML which would give
a structural basis for the division of the
2nd measurements "Ld2
Mean (SD)
(degrees)
6
48
115
1989
1989
1989
1968
1981
10.58 (1.68)
55.58 (3.78)
N 1st measurements
Mean (SD)
(degrees)
12
12
VML
VMO
Author(s)
Lieb & Perry
Reider et al
Jacobson and Flandry
Terry
Weistabl et al
Table 2. Intra-rater reliability measures
although the exact methods used were
not described. Their findings are
shown in Table 1.
There have been reports in the
literature of an "areolar fascial plane"
(Lieb and Perry 1968, p. 1538) or a
fascial "investment" (Reider et al 1981,
p. 352) separating the proximal and
distal parts of the vastus medialis
muscle, justifying the division of this
muscle into two discrete parts (Lieb
and Perry 1968, Norkin and Levangie
1983, Reider et a11981, Weinstabl et
al 1989). Lieb and Perry (1968) also
report, that each part of the muscle
had "a separate nerve trunk" (p. 1538),
which they later refer to as "A separate
branch" of the femoral nerve, which
supplies the vastus medialis muscle
From Page
stabilising it. This function has been
attributed to the distal, more obliquely
aligned fibres of the vastus medialis
muscle (Bose et al 1980, Lieb and
Perry 1968) which, because of the
anatomical attachments and
arrangement of the fibres, can exert
dynamic medial forces on the patella
(Terry 1989). This action would help
prevent lateral dislocation of the
patella and increase the efficiency of
the vastus lateralis muscle in knee
extension (Speakman and Weisberg
1977).
This focus on the distal fibres of the
vastus medialis muscle led to a re-
examination of the anatomy of the
muscle as a whole. Lieb and Perry
(1968) described the vastus medialis
muscle as being composed of two
parts: the vastus medialis longus
(VML) and vastus medialis obliquus
(VMO), "because of the marked and
abrupt change in fibre alignment
between its superior and inferior
portions" (p. 1537-1538). Speakman
and Weisberg (1977) supported this
distinction, emphasising the
anatomical and functional differences
between the two parts of the vastus
medialis muscle. Bose et al (1980), in
their dissection of the 34 knees of 17
normal adult cadavers, again stressed
this "marked abrupt change in fibre
alignment" (p. 880) between the
proximal and distal parts of the vastus
medialis muscle. Reider et al (1981)
similarly regarded the vastus medialis
muscle as being composed of two
groups ofmuscle fibres with different
orientations to the patella; while Terry
(1989) described the fibres of the
vastus medialis muscle as being
predominantly orientated in the
sagittal plane, with a smaller part of the
muscle, distally, having more oblique
fibres. These descriptions may be
responsible, in part, for
physiotherapists and sports scientists
often referring to the respective parts
of the vastus medialis muscle as two
muscles: the VML and the VMO.
Furthermore, some authors have
measured the orientation of the vastus
medialis muscle fibres in cadavers
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vastus medialis muscle into two
discrete parts. Lastly, the study aimed
to investigate whether the VMO and
the VML have a common innervation
or are supplied by different nerves,
such as the femoral and obturator
nerves, the latter supplying the closely
related adductor muscles (Lumley
1990, MacKinnon and Morris 1986,
Moore 1984, Williams et aI1989). If
such a dual nerve supply exists, this
would indicate that the VML and the
VMO have different functions, acting
with the other muscles of the anterior
and medial compartments of the thigh
respectively.
Method
The left thighs of 50 adult human
cadavers, dissected fully by second-year
medical students, were used in this
study. The mean (SD) age of the
cadavers was 61(21) years with an age
range of 16 to 91 years. No evidence of
gross musculoskeletal pathology, such
as severe osteoarthritis of the knee
joint, was seen in any of the specimens
or reported in their records. The
measuring equipment used was a one-
metre steel ruler, vernier callipers, and
a protractor with its measuring pin
extended past its circumference.
Muscle fibre orientation: The
femoral axis, representing the line of
pull of the quadriceps muscle
(MacKinnon and Morris 1986), was
taken as the axis of reference for the
measurement of the angular
orientation of fibres of the vastus
medialis muscle. This was determined
for each left thigh by first palpating
and marking the left anterior superior
iliac spine (ASIS). With the aid of tlle
vernier callipers, the midpoints of the
width and height of the left patella
were found. The point at which lines
extended from these points met was
marked as the midpoint of the patella
(MP). The straight line between the
ASIS and MP was used as that
longitudinal plane most approximating
the femoral axis (Fig. 1).
The extent of the attachment of the
distal part of the vastus medialis muscle
to the superomedial border of the
patella was measured with the vernier
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Figure 1 : Measurement of muscle fibre
orientation
Key: ASIS =anterior superior mac spine
Mil =midpoint of patella
VM = vastus medialis muscle
VI. =vastlls lateralis muscle
a = proxima! angle
b =distal angle
callipers. That muscle fibre which
bisected this area of insertion was
defined and taken as that most
representative of the distal (oblique)
part ofthe vastus medialis muscle
(Fig.1). To establish the muscle fibre
most representative of the proximal
(longus) part of the muscle, the
midpoint of a line along the femoral
axis (ASIS to MP) was marked. A line
was drawn perpendicular to the
femoral axis, from this point, across the
width of the muscle. That fibre passing
through the midpoint of this latter line
was defined as the representative fibre
of the proximal part of the vastus
medialis muscle (Fig.1). In each case,
the orientation of the fibre in the
coronal plane was determined by
placing the protractor base along the
steel ruler marking the femoral axis,
and the extended pin of the protractor
along the mean tangent to the fibre,
determined visually (Fig. 1). The
measurements taken were the angles
that the slopes of the proximal and
distal fibres made with the femoral
aXIS.
A test for intra-rater reliability was
carried out on 12 specimens, randomly
selected and randomly measured, as
described above, on consecutive days
by the same researcher. The standard
error of measurement
(Sm,as= >/{u[2/2N}) was used to compare
the two sets of measurements (Table
2).
Following this, the total sample of 50
specimens was measured, as above, by
the same assessor. The data obtained
for the proximal and the distal parts of
the vastus medialis muscle in the 50
cadavers were compared statistically
using the t-test for paired samples to
establish any significant difference
between fibre orientation in the two
parts of the muscle (Table 3).
Nerve supply: The nerve supply to
the vastus medialis muscle was
followed carefully in each cadaver
specimen, with particular note made of
all branches to the muscle along its
entire length.
Fascial planes between muscle
fibres: Each left thigh was examined
for the existence of a fascial plane
(perimysium) between the more
longitudinally orientated and the more
obliquely orientated fibres of the vastus
medialis muscle. This was done by
cutting through the muscle belly,
perpendicularly to the direction of the
fibres, at three arbitrary distances:
3 em, 6cm and 9cm above the
midpoint of its insertion into the
superomedial border of the patella.
Each dissected muscle was examined
for the existence of a fascial sheet
passing from the superficial to deep
surface of the muscle belly.
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Orj!llntiidillln of prCllxilJlallVMl) and distal (VMO) fibres of the vastus
t p
muscle enable the line of the forces to
differ in the two parts of the muscle.
This is concomitant with the functions
which have been attributed to the
different parts of the muscle. That is,
the VML acts to assist knee extension
while the VMO, acting with the VML,
stabilises the patella during knee
extension (Bose et a11980, Lieb and
Perry 1968, MacKinnon and Morris
1986, Palastanga et al 1989, Smillie
1970, Speakman and Weisberg 1977,
Williams et al 1989). This action has
been related to lower limb movement
and stability in bipedalism
(MacKinnon and Morris 1986,
Palastanga et al 1989 and Smillie
1970).
The correlation found between the
angles made with the femoral axis by
the proximal and distal fibres of the
vastus medialis muscle, although
statistically significant, is biologically
weak. That is, approximately 16-18 per
cent of the angular orientation of the
proximal fibres could be accounted for
by the angular orientation of the distal
fibres. Functionally, smaller proximal
(VML) angles with larger distal
(VMO) angles may signify greater
stability of the patella in knee
extension movements in the particular
individual, because of more efficient
action of the VMO part of the muscle.
However, this needs to be researched
further.
It is important to consider these facts
in the rehabilitation of patients with
musculoskeletal disorders of the lower
limb, and of the knee joint specifically.
For example, in cases of
chondromalacia patellae with weakness
(6.20)
Muscle fibre orientation: The
measurements of muscle fibre
orientation for the proximal (VML)
and distal (VMO) fibres of the vastus
medialis muscle obtained in this study
(Table 3) were similar to those
reported by other authors (Table 1).
The results of this study, therefore,
substantiate the work of the other
authors reviewed. However, none of
these authors reported exactly how
their measurements were made. This
study serves to document an objective
measurement technique, which may be
ofvalue in other musculoskeletal
studies.
The measurements of the VML were
lower in this study than in other
reported work, which may be a
function of the exact point of
measurement used. That is, the
measurement of angular orientation of
the VML fibres may have been at a
more proximal point along the length
of the vastus medialis muscle, where
the fibres form a more acute angle to
the femoral axis, than that used by the
other authors (Figure 1). Nevertheless,
the significant difference found in
muscle fibre orientation between the
VML and VMO parts of the vastus
medialis muscle in this study, although
not surprising, further supports the
work ofJacobson and Flandry (1989),
Lieb and Perry (1968), Reider et al
(1981), Terry (1989) and Weistabl et al
(1989).
The significantly different muscle
fibre orientation of the VML and the
VMO parts of the vastus medialis
Discussion
Muscle fibre orientation: Table 2
shows that there was good intra-rater
reliability between the two sets of
measurements (N = 12) taken initially
(the standard error of measurement
(Sm J for VMO and for VML was 0.91
and 0.87 respectively).
The mean (SD) angular orientation
of the vastus medialis longus (VML)
and obliquus (VMO) fibres was
11.46(2.96) degrees and 52.20(6.20)
degrees respectively. These
measurements were found to be
significantly different (t(49) = 36.35;
P< 0.001) (Table 3).
On studying the orientation of the
muscle fibres, it was found that if the
angles made with the femoral axis were
high/low in the proximal fibres, they
tended to be low/high respectively in
the distal fibres. Statistical analysis of
these results showed a weak correlation
(r =-0.42; P=0.001).
Nerve supply: A series of muscular
branches arising from the femoral
nerve were found to innervate the
vastus medialis muscle in each
specimen. These branches supplied the
muscle at varying distances along its
entire length, with separate branches
to the proximal, more longitudinally
orientated and to the distal, more
horizontally directed fibres. No
particular pattern to the branching was
obserVed. No other nerve was seen to
give off branches to supply any part of
this muscle in the 50 specimens
studied.
Fascial planes between muscle
fibres: A slightly thicker connective
tissue sheet than the usual perimysia
was found to pass between the more
longitudinally and the more
horizontally directed muscle fasciculi,
distally, from the superficial to the
deep surface of the vastus medialis
muscle, in one specimen only. There
was no investing fascial.sheet
surrounding the distal fibres (VMO),
nor was there a nerve branch
associated with the fascial plane in this
specimen.
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of the quadriceps muscle group
because of disuse atrophy or pain
inhibition, emphasis should be placed
on strengthening the vastus medialis
muscle together with the vastus
lateralis muscle through the full range
of pain free knee extension. Muscle
imbalances must be corrected and this
may require more emphasis to be
placed on the vastus medialis muscle.
Furthermore, strapping of the patella
may be necessary to ensure its normal
and painless tracking in relation to the
patellofemoral joint. As regards other
treatment techniques,
electomyographic biofeedback used in
conjunction with proprioceptive
neuromuscular facilitation (knee
pivots) and home strengthening
programs, for example, may be useful
in this context.
Nerve supply and fascial planes
between muscle fibres: As in the
work of Lieb and Perry (1968), Norkin
and Levangie (1983), Reider et al
(1981) and Weistabl et al (1989), only a
single case of a fascial plane between
the more vertically and horizontally
orientated muscle fibres of the vastus
medialis muscle was found in this
study. This is not a significant result
(one in 50 specimens) and can be
regarded as the exception rather than
the rule. This supplies anatomical
evidence to refute the view held by
some physiotherapists and sports
scientists that the VMO and VML are
two separate muscles. Further evidence
is that the VML and the VMO groups
of fibres were shown to be supplied by
branches of the femoral nerve only,
this nerve ennervating all the muscles
of the anterior compartment of the
thigh. Thus, despite the close
anatomical relationship of the VMO to
the adductor longus and adductor
magnus muscles in the region of the
knee joint, the VMO was not shown to
be supplied by a branch of the
obturator nerve, which innervates the
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muscles of the medial compartment of
the thigh (Lumley 1990, MacKinnon
and Morris 1986, Moore 1984 and
Williams et al 1989). Thus, this single
innervation of both the VMO and the
VML supports the view that both parts
of the vastus medialis muscle playa
role in knee extension (the primary
function of the muscles of the anterior
compartment of the thigh).
Conclusion
The results of this study verify past
studies which show that the vastus
medialis muscle should not be
classified as two separate muscles, but
as a single muscle with a proximal and
a distal component. In the light of this,
these two muscle components with
distinctive morphological and
functional characteristics, should be
treated specifically in the rehabilitation
ofmusculoskeletal disorders.
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